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KEEPING LIVESTOCK BUILDINGS WARM- How 
to Figure Insulation, Heat Loss and Supplementary 
Heat 
Introduction 
The growing numbers of both livestock and poul-
try being raised in enclosed confinement point to 
one thing-the desire , on the part of feeders, to 
reach and maintain optimum animal or bird per-
formance. 
Effective livestock buildings have a variety of 
features designed to provide an optimum environ-
ment of temperature, moisture, air movement and 
gas content; features like tight construction, in-
sulation, vapor barriers, insulated doors and win-
dows, and ventilation systems . 
Tight Construction 
The enclosed building should be reasonably tight. 
Loose construction and unplanned openings make 
it difficult to control the amount and movement of 
ventilation air. 
Insulation 
Insulation is any material that reduces the rate 
at which heat is transferred from one area to 
another. Although all building materials have some 
insulation value, the term " insulation" is generally 
reserved for a family of products designed to pro-
vide this one service. 
Insulation has several functions . First, it helps 
conserve heat during periods of cold weather (Fig. 
1 ). The conservation of animal or bird heat is 
necessary to maintain desirable housing conditions 
without the addition of unrealistic amounts of sup-
plemental heat. 
Second, insulation helps reduce the rate of heat 
gain in hot weather (Fig. 2 ). The temperature of 
the walls and roofs of buildings exposed to direct 
sunlight is as much as 50°F above air temperature. 
One result of reducing heat loss and heat gain 
is a desirable reduction in the daily changes in 
indoor temperatures. Fig. 3 illustrates that an in-
Figure 1. Insulation reduces the rate of heat loss from buildings 
during cold weather. 
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sulated buildfng is cooler in the warm part of the 
afternoon and warmer in the cold early morning 
hours. The total temperature variation during the 
day is reduced. 
Third, surface condensation-"sweating"-can be 
controlled. In a poorly insulated building, the inside 
ceiling and wall surfaces become cold in the winter, 
bringing discomfort to animals nearby. When the 
surface temperature is low enough, the air next 
to the surface becomes saturated and moisture 
condenses (Fig. 4). If the surface temperature is 
below freezing, frost forms. Well-insulated buildings 
reduce the possibility of condensation and frost by 
keeping the walls and ceiling relatively warm. 
Fourth, correct foundation insulation reduces frost 
heaving, keeps floors warmer, and reduces heat 
losses. Insulate the outside of the foundation wall 
if possible (Fig. 5 ): the wall above the floor will 
be warmer, reducing condensation; the foundation 
below grade will be warmer, reducing the hazard 
of frost heaving; the outer edge of the floor will 
be warmer, increasing animal comfort; and total 
heat losses from the building will be reduced. Tradi-
tional methods of placing insulation inside the foun-
dation wall and under the floor will reduce heat 
loss only through the floor. 
Types of I nsufation 
The most common insulation consists of bulky, 
porous, lightweight materials with countless air 
spaces. The lighter the material is, the better are 
its insulating · qualities. Generally, the more air 
pockets in the material, the better it insulates. 
Some building materials, like wood, are good in-
sulators, while others, like concrete and metal, 
are poor insulators. 
Manufactured insulation can be bought in several 
common forms. Answering the following questions 
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Figure 2. Insulation reduces the rate at which heat passes into a 
building during hot weather. 
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figure 3. Insulation reduces emperature extremes in a building. 
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figure 4. When warm, moist air comes into contact with a cold sur-
face, condensation occurs. Insulation helps to control sweat-
ing by making the wall and ceiling surfaces warmer. 
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figure 5. Method of placing perimeter insulation 
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will help determine the form to be se!Pcted for a 
pa r ticu lar job: 
• How is it to be used'? ls it to be purely for 
insu lation, or does it also need to have some struc-
tu ral qualities? 
• How adaptable is it to the particular use? 
• What is it s r e lative cost'! 
• Can it be installed easily? 
Loose-fill insulation is packaged in bags. Almost 
all the common insulations-mineral wool. vermicu-
lite, g ranulated cork, and others-come m this form . 
Loose-fi ll insulation is especially adapted for use 
in ceilings of existing buildings . Special precautions 
must be taken, however, when it is used in side 
walls. Settling doe occur and some parts of the 
wall ma y not be adequately insulated. A vapor 
barrie r mus t be provided on the warm, or room, 
sid e of the wall and ceiling. 
Insulation batts anrl blankets are among the 
easiest a nd cheapest ways to add insulation to a 
farm building. They come in thicknesses of 1 "-6" 
a nd in widths to fit either 16" or 24 stud spacings. 
Ma ny of these have a vapor barrier attached to 
one side (see Vapor Barriers, p 3 ). 
Insulation board has some rigidity as well as 
insulation value . For use in livestock buildings, 
it must be t reated to resist moisture. Some insula-
tion boa rds have a vapor barrier on one side. 
Insulation board must be protected from phy .. ical 
damage by anima ls and equipment. Follow the 
manufacturer's recommendations for installing in 
sulation board on spaced supports in a ceiling, 
roof, or wall. 
B lock or rigid msulatwn IS usually used for 
perimeter or floor insulation. Fig. 5 shows how 
perimeter insulation should be placed to insulate 
the edges of a concrete floor. ~1aterials used for 
perimeter insulation shoulrlu•tthstand moisture. The 
materials most commonly used for this purpose 
are expanded polystyrene, foam glass, polyurethane 
or asphalt-impregnated rigid insulations. 
Air space, as insulation, should not be less than 
3/4" ide, because its effectiveness decreases ra-
pidly a s its width decreases. On the other hand, 
it should not be over about 4" v·ide, or convection 
currents will reduce its insulating value. 
R eflective msulation is made from metallic foil 
such as aluminum foil, placed so that there are 
air s paces around it. It reflects almost all of the 
radiant heat that strikes it. Since only part of the 
heat to be retarded is radiant heat, reflective in-
su lat ions need to have several air spaces to resist 
the flow of heat by conduction and convection. 
Reflective insulation 1s highly efficient in resisting 
the flow of heat downward . For this reason it is 
effective in keeping out summer heat and allows 
the interior of the b uilding to cool rapidly at night. 
Fo il insulation is not commonly used as winter 
insulation in farm buildings. 
Additives to concrete have been suggested as a 
means of increasing the insulation quality 'IN hile 
retaining the strength of ordinary concrete. Some 
materials (for example, expanded shale, ground 
corncobs , or wood shavings) when substituted for 
some of the concrete aggregates will increase the 
insulat ion value of that concrete, B l"T at a con-
siderable reduction in the strength of the concrete. 
At p r esent, no additive has been proved without 
bias to insu late concrete without a reduction in 
strength. 
Selecting Insulation 
All building materials have some insulation 
value , but the amount varies considerably. Fig. 6 
shows how thick building materials would need to 
be to have the same insulation value as a 1" glass 
wool ba tt. For example , it takes 2.96" of p lywood 
or 46.3" of concrete to equal the insulation value 
of 1" of glass wool. 
Insulation, as well as other building materials, 
can be rated according to its ability to resist the 
flow of h eat. This is commonly referred to as the 
" R" value . The relative insulation values of some 
of the common building materials are shown in 
Table I (Appendix). The R, or insulation value, 
may be given per inch of thickness, or for the total 
thickness of a material. 
Other m eans of expressing the va lue of insu la-
tion are the " K", " C" , or " U " values . The K value 
gives the amount of heat (in British the rmal units) 
per hour that will pass through a piece of material 
1" thick and 1 I square, when the temperature dif-
ference between the two sides is 1 °F. The C value 
is like K, except it's given for a total thickness: 
K glass wool = .27; C 3" glass wool = 0.09. The U 
value (over-all coefficient of heat transmission) is 
the amount of heat in Btu's that will pass through 
a complete wall, ceiling, or floor construction, 1 I 
square, in one hour per degree of temperature dif-
ference between the air on the warm side and the 
a ir on the cold side . The U value is 1/R. 
In the following discussion, the R value is used 
because the insulation value of a wall is easier 
to calculate with this value than with the others . 
Recently , the insulation industry adopted the R 
v alue and many insulations are marked with their 
R values. 
Tables II, III , and IV (Appendix) show a number 
of th e more common wall sections used in farm 
buildings today and the relative insulation value 
of each. These show that a small amount of insula-
tion can make a big difference in heat-flow resis-
tance . T a ble V shows insulation values for other 
ty pes of construction, including roofs and ceilings. 
The amount of insulation needed in farm build-
ings will vary according to winter temperatures. 
(See Fig. 7. ) 
Protect Insulation From M o ist ure -
Use Vapor Barriers 
In lives tock buildings a nd other buildings where 
the r e lative humidity is high, it is extremely im-
portant to protect the ins ulation from moisture. 
Mois ture , in the form of water vapor , tends to move 
from the warmer moist areas to the cooler outside. 
The mois ture enters the wall, moves outward, and 
condenses wh en it reaches a cold enough area . 
Condensed water in the wall greatly reduces the 
value of the insulation and may damage the wall. 
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Figure 6. Material thickness required for equal insulation value. 
0 
Climate 
Zone 
Mild 
Moderate 
Cold 
Total Resistance (R) 
Walls Ceilings 
9 
9-14 
14 
12 
16 
23 
Figure 7. Recommended insulation 
Amount of insul a tion to use depends on a nurnber of 
factors. The map shows winter temperature zones . The 
table shows recommended .. R .. va lues for fa rm buildings. 
To eliminate this flow of moisture, a supplemental 
vapor barrier should be placed near the warm side 
of the wall. (Fig. 8.) Immediately beneath the 
interior lining material is best. 
Common vapor barriers are aluminum foil, 4 mil 
plastic film, and some of the asphalt-impregnated 
building papers. Table VI (Appendix) shows the 
water vapor transmission ratings of some of our 
common vapor barriers and building materials. 
The numbers represent the amount of vapor trans-
mission, so the smaller numbers represent the better 
vapor barriers. A material with a rating below 
1.0 is usually considered a good vapor barrier. 
Consider the construction joints of the materials 
when comparing the water vapor transmission 
values. Vapor barrier materials are lapped to pre-
vent moisture from entering through the joints. 
In concrete sandwich walls, if the concrete is mixed 
according to instructions, no vapor barrier is re-
quired. 
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Figure 8. Vapor barriers prevent the movement of water vapor into 
wall and ceiling spaces and materials. 
Applying Insulation 
Each type of insulation has its application prob-
lems. Follow the manufacturer's recommendations. 
Batts or blankets must be protected from mois-
ture. Moisture will destroy a batt's insulation value . 
The vapor barrier on many batts is not sufficient 
for livestock buildings. U e a separate vapor bar-
rier between the batts and the inside wall or ceiling 
lining. 
Because mechanical damage permits moisture 
to enter batt insulation, an inside wall and ceiling 
lining is almost always required. A batt with a 
vinyl backing can be applied to ceilings without 
a ceiling lining, but they usually sag in time. These 
batts are stapled directly to the ceiling joists or 
rafters. 
If insulation board is used alone, it is difficul t 
to get the builder to use the 3" required an the 
roofs of livestock buildings. 
Most insulation boards used in farm buildings 
have been chemically treated to make them mois-
ture resistant. Some boards have a plastic covering 
that gives them a good vapor barrier . 
Many builders span too large a distance when 
applying insulation board.' Follow the manufacturer 's 
recommendations. When insulation board is u sed 
as a false ceiling, supports can be located up to 
24" on center, depending on the thickness of the 
board. 
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Some rigid plastic foams are resistant to the 
absorption of moisture, but others-the low-density 
headboards-offer little resistance. The vapor trans-
mission ratings of the differen t types of foam range 
from 0.4 to 5.8 perms. Use a separate vapor barrier 
if the perm rating is above 1.0. 
Some foam is applied by butting the square 
edges of the rigid boards together. A small amount 
of shrinkage leaves small cracks (sometimes up 
to an eighth of an inch). Moisture can escape, 
condense on the cold roof and drip onto the foam. 
Tongue-and-groove edges help eliminate the prob-
lem. Taping the joints has not been satisfactory. 
Taping the joints on newer foams with a plastic 
film on one side has shown greater promi e . 
Use enough insulation. Learn the insulation value 
of the material and use enough to provide a satis-
factory insulation value. Consider summer as well 
as winter conditions. 
Don 't be concerned about the insulation value 
of the lining. Apply the insulation required inside 
the wall. Choose a lining material for its durability, 
ease of cleaning, and appearance. 
Provide a good vapor barrier. Insulation mater-
ials that possess a satisfactory perm rating will 
still require vapor-tight joints. 
Protect insulation from rodents and birds. Also 
protect against damage by animals, workers, and 
equipment. Few insulations applied with one side 
exposed have proved to be satisfactory in livestock 
buildings. 
Insulate all areas. In metal-frame or masonry 
buildings columns or other assemb lies may extend 
through the wall, and if uninsulated may be cold , 
wet, and frosted. Since wood has some insulating 
value, the studs and rafters in wood-framed buildings 
have not caused problems when used for livestock 
housing. 
Characteristics of Heat and Moisture 
A thorough understanding of heat transfer is 
beyond the scope of this presentation, but a basic 
understanding of heat and moisture behavior is 
necessary. Heat is defined as a form of energy 
which is transmitted from one body to another 
because of t emperature difference. "Temperature" 
is a relative term for the magnitude of heat, the 
relative warmth of a material, and not the quantity 
o~ heat. The British thermal unit (Btu) is the quan-
tity of heat required to raise one pound of water 
one degree Fahrenheit. 
This heat is subdivided into latent heat and 
sensible heat. Latent heat is that heat involved 
in a change of state without a change of tempera-
ture. For example, latent heat is required to change 
water at 212°F into vapor at 212°F. Latent heat 
is usually given the symbol Q,. 
Sensible heat is heat associated with a change 
of temperature, either increasing or decreasing. 
That is, sensible heat is required to change a 
room's temperature. This is usable heat, which is 
symbolized Q5 • 
The total heat, QA. is simply the summation 
of the latent and sensible heats. The equation 
is QA = Q , + Qs. The quanti ty of each of these 
three heats is measured in Btu's. 
Heat is transferred from one location to another 
by conduction, convection, radiation, or any com-
bination thereof. Conducted heat passes from one 
place to another by warming the material that 
separates a warm area from a cold area. Con-
vected heat is transmitted by a moving fluid, such 
as circulating air. Radiation involves the passage 
of heat through a space without warming the space, 
such as the sun heating the earth. 
In farm buildings, heat is lost or gained by 
conduction through building materials , by air cur-
rents moving over the inside or outside surfaces, 
and by radiation from warm surfaces. 
Temperature-Moisture Relationships 
The air exhaled by all animals contains moisture 
in the form of vapor. For example, an average-
size lactating dairy cow will exhale over one pound 
of water per hour. Body heat vaporizes water in 
the lungs. 
The body metabolism of the animal also causes 
a release of sensible heat to surrounding air-
about 2 ,500 Btujhr for a cow. 
The released amount of latent and sensible heat 
is variable. Total heat production per pound of body 
weight increases with body weight and animal activ-
ity; it decreases with maturity and higher air 
t emperatures. The data given in Table VII (Ap-
pendix ) are approximate and are for the conditions 
stated. 
The latent heats in Table VII are used to deter-
mine the amount of moisture in the air that must 
be disposed of. The sensible heats in Table VII 
are used not only for warming the incoming venti-
lation air, but also for maintaining the building 
temperature. 
The principle of moisture-holding capacities of 
air at various temperatures and humidities is basic 
to ventilation. A 20°F rise in air temperature 
doubles the moisture-holding capacity of the air. 
For example, 40°F air at 50" .. relative humidity 
contains 18 grains of water per pound of air. If 
this air is heated to 60°F at 50" .. relative humidity, 
it can hold 36 grains per pound of air. Its moisture-
holding capacity has doubled. This phenomenon is 
the reason that ventilation air removes moisture 
from buildings. 
Cooling air 20°F halves its water-holding capa-
city. The excess may appear as condensation on 
cooler surfaces within the building. 
SENSIBLE HEAT GAIN = SENSIBLE HEAT LOSS 
The sensible heat produced inside a building 
must equal the sensible heat loss, if the building 
temperature is to remain constant. The separate 
factors are: 
figure 9. Winter Conditions-heat into and out of building spaces. 
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Heat gain will be from total a nimal hea t, heat 
from motors, lights, etc., and supplementary heat, 
and can be expressed HEAT GA IN QR = Q,.. + 
Q~, + QsR · 
Heat loss will be from building loss, ventilation 
loss, and latent heat to evaporate water, and can 
be expressed HEAT LOSS QT = QR + Q, + Qr· 
Since all the heat produced will eventually be 
lost from the building i.f the ins ide temperature 
remains constant, then Heat Loss = Heat Gain 
or QT = QR. 
Animal sensible heat + heat from motors , lights, 
etc., + supplementary heat = building loss + 
ventilation loss + latent heat to evaporate water. 
QS + Q ~l + QSR = QR + Q, + Q E. 
Heat Gain Design Procedure 
At this point we are ready to determine the 
quantity of heat which is available for ventilation 
and heating the building. This may best be illus-
trated by an example. 
Assume that we wish to house 150 hogs in a 
growing-finishing operation. T he hogs will go into 
the house at 50 lbs and remain until they reach 
200 lbs. How much heat will the hogs produce at 
each weight? At 50 lbs we have : 
Sensible heat produced = ( Q~ from Table VI I) x 
(num ber of hogs) x (num-
ber of cwt. pe r hog) 
= (2 93) X (150) X (0.5) 
= 22 ,000 Btujhr 
Using the same procedu re for t he 200-pound hogs 
we get: 
Sensible heat produced = (293) x (150) x (2.0) = 
88,000 Btuj hr 
Smaller pigs produce less heat and therefore 
need more supplemental heat than larger ones. l 1 se 
22,000 Btujhr to design the heat e r needed. 
The sensible heat from motors, lights, etc., is 
small when compa red to the total and may be 
ignored. The supple mentary hea t is what we want 
to find-it is the " furna ce" heat needed to maintain 
desired conditions . 
Temperature Balance Design Procedure 
The loss of heat from the building involves losses 
through the ceiling or roof, through the walls, and 
through the perimeter or foundation. All the losses 
are directly re lated to their respective insulating 
values . 
There are a lso ventilation losses because cold 
air is heated a nd exhausted to remove excess 
moisture from the building. The moisture comes 
from the respiration of th e a nimals , u rine and feces, 
and spilled drinking or cleaning water . 
Building losses may be found by applying QH = 
(t, - t) x A / R, where QR is the building he at loss 
in Btu / hr, A is the a rea of the wall or ceiling in 
square feet , R is the resistance to heat transfer, 
t , = the inside temperature of the building, and 
t., = the temperature of the outside air. 
Tempera tures-The desired inside temperatures, 
t, are given in Table VII , p. 12 . Heat loss will 
be greatest when outs ide temperatures, t , are lo"". 
Experience and research have shown that the rea-
sonable design outside winter temperatures are 
as shown in Fig. 10, p . 9 . 
It is assumed, for t e mperatu re and mo1sture 
balance, that there is sufficient ai r circu lation ·,\ !thir: 
the shelter to provide fairly uniform CU!Jditiun:-
SAMPLE PROBLEM 
The design procedure tor t emperature bala nce 
may be best illust rated by using a sample problem. 
Assume a swine farrowing building as sketched 
below. Outside temperature will be - 10°F. Let's 
work through the six steps on the accompa nying 
"Work Sheet-Heat Loss, " (p. 7 ) so our final result 
is the amount of supplemental heat required. 
24 ' x 3 6 ' 1 6 -Sow Farrowing House 
T = -10° F 
0 
T. = 60° F 
I 
2" x 48 " Insulation 
6 ' 
2' 
6 
Step I 
List the length, width, wall height, and founda-
tion height and calculate and record the linear 
feet of wall, wall area, foundation area, and ceiling 
area. The resistance of the frame wall is calculated 
as follows from Table 1: 
Number 7. inside surface 0.68 
4. W' plywood 0.63 
1. 2" wool (2 x 3.7) 7.40 
6. air space 0.90 
metal is zero 0 
7. outside surface 0.17 
9.78 
The R for the 6-inch concrete foundation wall 
with 2-inch exterior insulation is 8.50 as found in 
Table IV (Appendix). Note: If concrete is unin-
sulated, R = .48, and heat loss is 35,000 Btujhr 
instead of 1976 Btu/hr. 
The R value for the ceiling is 13.94 from item 
4, Table V (Appendix ). 
Step II 
The Q values of the ceiling, walls, foundation, 
and perimeter are found by placing the appropriate 
values from Step I into the equations and multi-
plying. 
The 2.22 in the perimeter equation assumes a 
2-inch by 24" polystyrene perimeter insulation. 
Table V, No. 12. 
The heat loss due to the building is a sum of 
the ce il ing, wall, foundation and perimeter losses. 
Step I ll 
The ventilation losses Qv are based upon the 
volume of air moved and the temperature d iffer-
ential. The volume of air is the building volume 
(L x W x H) times the recommended minimum 
ventilation as found in Table VII (assume a well-
constructed tight building so that there is no leak-
age around doors and windows). Entering these 
value in the Qv equation will give the ventilation 
heat loss. The 0.018 constant in the equation ac-
counts for the specific heat of air (0.24) and the 
specific volume of air (0.075lbsjcu ft). 
Step IV 
The total heat loss, QT, is the sum of Q8 from 
Step II and Qv from Step III. 
Step V 
The total heat produced, QR, · is as discussed 
previously and as outlined on the Work Sheet. As-
sume 330-pound sows. 
Step VI 
The supplemental heat required, QsR• is the 
difference between the total heat loss, QT, in Step 
IV and the total heat produced, QR, in Step V. 
From the example we found that we needed 
26,0 15 Btujhr of upplementary heat. The heating 
unit to install in this building should have a mini-
mum hea t output of about 27,000 Btujhr. 
If electric heat is desired, divide the supple-
mentary heat by 3,413, giving the kilowatt hours 
needed. For our example above, 26,015 + 3,413 
= 7.6; therefore the electric heater should have a 
minimum size of 8 Kw-hr. 
WORK SHEET - HEAT LOSS 
Building Dimensions -- f eet R Values 
Length __:J6_ Ceiling =~ 
= 9 .78 Wi dth ___M_ Wal l 
6' Wall heigh t 6 Foundation = 8.50 
2' Foundation height 2 Perime t er = ..L22 
Linear feet of wall 
120 (also foundation) 
864 Ceil ing area 
Wall area 721) 
Foundation area = 240 
Step II 
Heat loss due to building (QB) 
QCeiling 
~t) times (Ceiling area ) 
(R ceiling) 
~t) times (Wall area) 
(R wall) 
~t) times (Foundation area) 
QFoundation = (R foundation ) 
QPerime t er 
Step Ill 
~t) times (Linear feet of wall) 
(R perimeter) 
He at loss due to ventilation (QV) 
Q = (cu ft air/hr) times (D.t) times (0.018) 
Qc 
( 70 ) X ( 864 ) 
( 13. 94 ) 
Q = 7Q) X ( 720 ~ 
w ( 9.78 ) 
Q = 70) X ( 240 ) F ( 8.50 ) 
Q = ( 70 ) X ( 120) p ( 2. 22 ) 
QB Qc + Qw + QF + QP 
temp 
V (cu ft air / hr) = (L x W x H) times (a ir changes/hr) 
(cu ft air/hr) = (_lQ__ x ~ x.JL) x ( _3_) = 20,736 ft 3 /hr 
QV = (20,736 ) x ( 70) x (0.018 ) 26 , 127 Bt u / hr 
Step IV 
Total heat loss Bt u/hr 41 , 375 
Step V 
t = _::]_Q_ OF 
0 
t . 60 OF 
1 
dif f 
70 (Do t ) 
- -
OF 
4,339 Btu/hr 
5.153 Btu/hr 
1, 976 Btu/hr 
3, 780 Btu/hr 
15,248 Btu/hr 
Total heat produced, Q5 = (Q 5 f rom Table VII) times (number of animals) times 
(number of cwt per animal)= ( 320) x (~) x (~) = 15,360 Btu/hr 
Step VI 
Amount of supplemental heat required (QSR) 
QSR = ( 41,375 ) - ( 15, 360 ) 26,01 5 Btu/hr 
7 
WORK SHEET -- HEAT LOSS 
Building Dimensions -- feet 
Length 
Step II 
6' 
2' 
Width 
Wall height 
Foundation height 
Linear feet of wall 
(also foundation) 
Ceiling area 
Wall area 
Foundation area 
Heat loss due to building (Q8 ) 
QCeiling 
~t) times (Ceiling are a) 
(R ceiling) 
~t) times (Wall area) 
(R wall) 
QFoundation 
QPerimeter 
Step Ill 
(~t) times (Foundation area) 
(R foundation) 
~t) times (Linear feet of wall) 
(R perimeter) 
Heat loss due to ventilation (QV) 
Q = (cu ft air/hr) times (6t) times (0.018) 
v (cu ft air/hr) (L x W X H) times (air changes/hr ) 
(cu ft air/hr) ( __ x __ x_) X (_) 
Q = 
v 
( ) X(_) X ( 
Step IV 
Total heat loss (QT) QB + Qv 
Step V 
) X ( 
) X ( 
R Values 
Ceiling 
Wall 
Foundation 
Perimeter 
t 
0 
t. 
1 
temp cliff 
(~t) 
____ Btu/hr 
----- Btu/In 
Btu / In 
____ Btu/llr 
===== Btu / hr 
ft 3 /hr 
Btu/hr 
Btu/hr 
Total heat produced , QS = (QS from Table VII) times (number of animals) times 
(number of cwt per animal) = ( __ ) x ( __ ) x ( __ ) = Btu/hr 
Step VI 
Amount of supplemental heat required (QSR) 
QSR = ( __ _ - ( __ _ =========== Btu I h r 
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Figure 10. Winter Design Temperature. 
WINTER OUTSIDE DES IGN COND ITIONS 
DAILY MEAN TEMPERATURES DCCU RR lNG l.BQU T 01\,C E 3 YRS 
(f"ROM ASHRAE 1963 GUIDE) 
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APPENDIX 
Table I. Insulation Values for Some Commonly Used Materials. 1 
Insulation value 2 
Material Per inch For thickness 
thickness listed 
1. Batt or blanket insulation 
Glass wool, minera l wool 
or fiber glass ..... ..... ...... ..... ... ..... .... .......... ....... ..... ......... .. 3.70 
wood fiber ......... ... ....... ...... .... ............ ... .... ...... .... .. ... ....... 4 .00 
2. Fill-type insulation 
Glass or mineral wool. ....... ... ...... ... .... ........ ................... .. 3.51 
Verm icul ite (expand ed) ...................... ... ... ......... ............. 2.13 to 2.27 
Shavings or sawdust.. ..... .............. .. ........... .... ................. 2.22 
Paper or pulp produc ts ........................ .... .... ........ .. .. ... .. .3.57 
3. Rigid insulation 
Wood fi ber shea th ing ............ .... ..... ....... ...... .... ....... .. ...... 2.27 to 2.63 
Expanded polyst rene, extruded .. .. .. ........................ .. ...... 3.85 
Expanded polyst rene, mold ed .......... ....... ... .... ... .. .......... .3.57 
Urethane foa m (aged) ........... .......... ............ ..... ... ........... 5.88 
Glass fiber ..... .... .. .. ... .................................... ................. .4 .01 
4. Ord inary bui ld ing materia ls 
Concrete, poured ............... ......................... .. ... ..... ...... .. .. 0.08 
Plywood, 3/8" .. .. .. .. ... ........... .... .. ...... .. ... ............... ... .. ... .. 1.25 ........ .. .................... 47 
1/ 2" .... ......... .. .... .... ......................................... 1.25 ................... ........... 63 
Hardboard , 1/ 4" ...... .. ...................... ..................... .. .. .. ... .72 .............................. 18 
Cem ent asbestos board, 1 I 8" ........ ...................... .. ........ ................ .. ........... .03 
Lumber (fir, pine) 25/32" ........ ...... ............................... 1.02 .............................. 98 
Wood beve led siding 1/2" x 8"............ .......................... .. .. .. .... .................... 81 
Aspha lt shingles............................................................. .. ........................... .44 
Wood sh ingles .. ... .. .... ................... ................... ............... .. ............................ 94 
5. Window glass, includes surface condit ions 
Single-glazed .............. ... .... ... ..... ........ ..... ....................... . .. ............................ 89 
Single-glazed with storm wind ows .. ...... .. .. .. ........ .. .. ... .. .. .. ........................... 1.79 
Double-pane insu lating glass ...................................... .. . .. ........ ... ..... 1.5 to 1.75 
6. Air space (3/ 4" or larger) .................... ......................... . . ............................ 90 
7. Surface conditions 
Inside surface........... ..... .. .... ... ....... ...... .... ....................... .. ............................ 68 
Outside su rface (15 mph wind) .................. ................... .. ...... .. .. .................. 17 
8. Reflec tive-type insulation 
Aluminum fo il Ceiling Wall 
2 air spaces ................................................................ 5.00 ............................. 5.92 
3 air spaces .. .... .. ...... .. ...... ................... ....................... 7.14 ............................ . 9.11 
~From ASHRAE Handbook of Funda mentals, 1967. 
Mean temperature of 75 °F. 
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Table II. Insulation Values for Frame Construction With 
Plywood Siding. 
Table Ill. Insulation Values for Frame and Metal Con-
struction With Metal Siding. 
R = 1.48 R = 3 .01 R = 0.85 
3/ •" 
R = 3 .69 R = 5 .00 R = 4.51 
R = 10.41 R = 6.73 
Table IV. Insulation Values for Concrete Wall Construction. 
4" Concrete 
R = 1.17 
2-Core, 8" 
Lightweigh t Block 
Cores Filled With 
lnsulotion 
R = 5 .88 
R = 1.96 
2 " Molded Po lystyre ne 
1/8" Cement 
Asbestos 
R = 8.50 
11 
31•" 
R = 2.85 
R = 8.27 
R = 2.83 
R = 9.22 
3-Core 
8" lightweight 
Block 
5 ~ " Concrete tilt-up 
Sandwich Panel 
2" Molded Polystyrene 
'./' 
Table V. Insulation Values for Other Construction. 
Roofs and Ceilings 
1. Aspha It sh ingles, wood sheathing, vented 
attic space, 1/2'' insulating board ceiling 
2. Same as above, but wood shing les 
3. Same as above, but metal roofing on nai ling 
girts. 
4. Metal roof ing on na iling girts, vented 
attic, 3" blanket insulation (mineral woo l) 
1/2'' plywood ceiling 
5. Same as 4, except 4" fill insulation (glass or 
mineral wool) 
6. Same as 4, except 6" blanket insulation 
7. Metal roof on nailing girts, hay mow, 
12" of hay or straw 
Doors 
8. Wood siding, beveled, 3/ 4" x 1 0" 
9. Plywood, 3/ 4" blanket insu I, between 
2 sheets 1 /2" plywood 
10. Plywood, 11/2" blanket insul. 
between 2 sheets 1/2'' plywood . 
Floor Perimeter (per foot of length of exterior wa II.) 
"R" 
4.95 
5.45 
3.53 
13.94 
16.88 
25.04 
20 Approx . 
1.90 
4.88 
7.65 
11. Concrete, without perimeter insulation 1.23 
12 . Concrete, with 2" x 24" perimeter insulation 2.22 
Table VII. Ani'mal Heat Production 
Type of heat 
Sensible heat (Qs) 
Latent heat ( QJ 
Tota l heat ( Q,) 
Sow & Litter 1 
320 Btu/ hr cwt 
205 
525 
1. At 60°F temperature inside building. 
2. At 50°F building temperature and 150 lb animal. 
3. For 51b bird at a building temperature of 55°F. 
Hogs2 
293 Btu/hr cwt 
127 
420 
4. For dairy cattle in general at 50°F building temperature. 
Table VI. Water Vapor Transmission of Common 
Building Materials, Perms 1 
1 Perm = 1 Grain/hr-ft 2-in.hg 
Vapor Barriers 
Aluminum foil (1 mil) ..................................................................... 0.0 
4 mil polyethylene (plastic film) .......... ................ .. ........................ . 08 
Kraft and asphalt building paper .................................................... . 3 
Two coats of aluminum paint (in varnish) on wood ....................... . 3-.5 
Common Building Materials 
1" extruded expanded polystyrene .................. .. ........ .......... ........ .. . 1.2 
15 lb tar felt build ing paper .............................. ........ ...................... 4.0 
1/2" insulation board, uncoated .............................. .................. 50 to 90 
1/4" 3-ply exterior plywood .. .. .......... ............................................. .7 
4" brick masonry .................................... .. ...... .. ........ .. .. ............ .. .... .8 
4" poured concrete wa II .. .. ................ ...................... .. ........ .. ........... .8 
4" glazed tile masonry .... .............................................................. .. .12 
8" concrete block ... ... ..................................................................... 2.4 
1 From ASH RAE Handbook of Fundamentals, 1967 
Animal 
Poultry3 
31.2 Btu/hr bird 
13.0 
44.2 
Dairy Cattle 4 
230 Btu/hr cwt 
110 
340 
APPROXIMATE VENTILATION RATES 
Minimum (winter) Summer 
Hogs ........... 3 air changes per hour Hogs ........... 60 to 90 air changes per hour 
Dairy .......... 6 air changes per hour Da iry .. .. .... .. 24 air changes per hour 
Poultry ....... 30 cubic feet per hour per bird Pou I try ....... 300 cubtc feet per hour per bird 
Extensiori Serv ice, University of Nebraska College of A griculture Cooperati ng 
w ith the U. S. Department of Agriculture and the College of Home Econom ics 
E. F. Frolik, Dean J. L. Adams, Director 
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